Key words: pulmonary renal syndrome; rapidly progressive glomerulonephritis; ANCA; anti-GBM
cathepsin G, and lactoferrin can also yield a p-ANCA staining pattern [5] . In some cases, however, MPO-ANCA can also yield a c-ANCA staining pattern [6 ] .
Evaluation of the assay
As the clinically most important antibodies are directed against GBM, PR3, and MPO, and as the progress and outcome of disease diÂers to some extent Statistical methods according to which of these antibodies are present [2], Sensitivity was the ability of the test to give a positive finding we considered it of great value to test specifically for when the person tested truly had the disease, i.e. the rate (%) these three antibodies in the acute phase of disease. It positive results obtained in the rapid assay out of all those is well known that both rapidly progressive glomerulopersons tested who had the disease. 'Disease' included the nephritis and pulmonary renal syndromes associated diagnosis of Goodpasture's syndrome for anti-GBM antibodwith anti-GBM are characterized by the gravest pro-ies, and Wegener's granulomatosis or microscopic polyangignosis. Conditions associated with PR3-ANCA, which itis for those with PR3-ANCA or MPO-ANCA. Specificity occur predominantly in Wegener's granulomatosis, was the ability of the test to give a negative finding when have been described in some reports to be characterized the person tested was free from the disease, i.e. the rate (%) by a more serious outcome than those associated with negative result in the rapid assay out of those without the The screening assay was 99% in anti-GBM ab-mediated nephritis sera; that for PR3-ANCA was 91% in WG sera and 54% in MP sera; and An enzyme-linked immunosorbent assay ( ELISA) for the that for MPO-ANCA was 11% in WG sera and 46% in simultaneous detection of autoantibodies against Goodpas-MP sera. ture (GP) antigen, proteinase 3, and myeloperoxidase in Specificity of the rapid assay was further assessed by one assay, which is performed within 30 min, was ob-testing sera from 112 consecutive patients with renal calculi tained from Wieslab AB, Lund, Sweden. The rapid ELISA but no sign of small-vessel vasculitis. All 112 sera were consists of an eight-well strip. Two wells are precoated with negative for anti-GBM ab, PR3-ANCA, and MPO-ANCA PR3, two with MPO, two with Goodpasture antigen, one both in the rapid assay and in the conventional ELISA. with HSA (human serum albumin), and one well is empty. Patient serum is diluted 154 and added to all eight wells.
Incubation time is 10 min at room temperature both for Quantitative anti-GBM ab ELISA serum and for conjugate. Alkaline phosphatase labelled antihuman IgG is used as the conjugate and para-nitrophenyl Microtitre plates ( NUNC, Roskilde, Denmark) coated with purified Goodpasture (GP) antigen were obtained from phosphate as the substrate. The absorbance, i.e. optical density (OD), is read at 405 nm on a microplate reader, with Wieslab AB, Lund, Sweden, and ELISA was performed as described previously [ 10] . an inter-assay CV of 9-18% and intra-assay CV of 3-16%.
Quantitative PR3-ANCA and MPO-ANCA ELISAs ANCA, one for anti-GBM ab+PR3-ANCA, one for PR3-ANCA+MPO-ANCA. Seven samples maniMicrotitre plates coated with isolated human pro-fested non-specific reactivity (i.e. reacted with all three teinase 3 [11] or human granulocyte myeloperoxidase antigens and human serum albumin) and were consid- [12 ] respectively, were obtained from Wieslab AB, ered to be negative. Lund, Sweden, and ELISA was performed as described earlier [13] .
Anti-GBM antibodies Lactoferrin and elastase ANCA ELISAs All 19 sera found to be anti-GBM ab positive in the rapid test were confirmed by quantitative analysis.
Microtitre plates were coated with human milk lactoferrin Clinical data were obtained for all the 19 anti-GBM ( LF ) (Sigma, St Louis, MO, USA) or human neutrophil ab-positive patients. In 16 of the 19 patients the clinical elastase ( EL) (Calbiochem, La Jolla, Ca, USA), at 5 mg ml−1 diagnosis was Goodpasture's syndrome, while the and 0.5 mg ml−1 respectively, in 0.05 M carbonate buÂer, remaining three, all with low or borderline antibody syndrome was thus 84.2% (16/19) . For three of the 1060 sera the test yielded false-positive results; thus Bactericidal/permeability-increasing protein (BPI-) specificity was 99.7%. (Table 1 ) . ANCA BPI was purified from neutrophils and ANCA determination PR3-ANCA done with ELISA, using the method described by Zhao and Of the 1060 sera tested, 60 (from 57 patients) were co-workers [14 ] .
PR3-ANCA positive and confirmed by quantitative analysis.
Indirect immunofluorescence
Clinical data were obtained for 91% of the PR3-ANCA-positive patients. The clinical diagnosis IIF was performed on ethanol-fixed leukocytes according to was systemic vasculitis in 98% ( 51/52) of cases. The a previously described standard procedure [ 15] . In short, leukocytes from healthy blood donors were fixed on glass majority, 67%, had Wegener's granulomatosis ( WG), slides in absolute ethanol at 4°C for 5 min. Patient sera were and 31% had microscopic polyangiitis (MP). The diluted 1520 in PBS and bound IgG was detected by FITC-patient positive for PR3-ANCA but without systemic conjugated rabbit anti-human IgG ( Dako, Glostrup, vasculitis was found to have pulmonary aspergillosis. Denmark).
The PPV of PR3-ANCA positivity vis-à -vis WG and MP was 98%. Two per cent of the results (one of the Western blotting 52 cases) were false-positive; thus specificity was 99.8% (Table 1 ) .
SDS-PAGE was performed with the Laemmli buÂer system [ 15] . An alpha-granule extract from neutrophils containing
MPO-ANCA
all the alpha-granule proteins such as elastase, BPI, MPO and PR3 was used. This extract was incubated at room Of the 1060 sera, 75 (from 70 patients) were MPOtemperature in sample buÂer containing only 0.1% SDS for ANCA positive, confirmed by quantitative analysis. double positive: eight for anti-GBM ab+MPO-itis and one patient had Wegener's granulomatosis. in the rapid ELISA, and the test was therefore considered as non-specific. In patients without vasculitis, the diagnosis was septicaemia, membranous nephropathy, thrombotic Two of the 105 samples were from patients with systemic vasculitis, and thus the negative predictive microangiopathy, light-chain deposit disease, or general atherosclerosis. The PPV of MPO-ANCA positiv-value (NPV ) of the rapid test was 98%, which is high. ity vis-à-vis microscopic polyangiitis and WG was 90% ( 47/52). In 10% (5/52) of cases, the results were false-Discussion positive; thus specificity was 99.3% (Table 1 ).
The occurrence of pulmonary renal syndrome, in fact False-negative rate an aetiologically heterogeneous group of diseases, constitutes a medical emergency associated with a high To determine the false-negative rate for the rapid assay, approximately 11% (105/918) of sera found to be risk of fatal outcome unless the patient is treated with immunosuppression and corticosteroids. Accordingly, negative in the rapid assay were randomly subjected to further analysis with IIF on ethanol-fixed neutro-it is of paramount importance to identify the patients with GP or small-vessel vasculitis as early as possible. phils. Eighty per cent (84/105) of the sera were still negative at IIF analysis. Ten sera (9.5%) contained To this end, and to be able to provide patients with optimal therapy, it would be of great clinical value to antinuclear antibodies (ANA).
Eleven (10%) of the 105 sera found to be negative have a reliable rapid test of high sensitivity and high positive predictive value. Figures of 60-90% have been in the rapid assay were ANCA positive at IIF, three for c-ANCA, seven for p-ANCA, and one yielding reported for the prevalence of anti-GBM ab, PR3-ANCA and MPO-ANCA among patients with both c-and p-ANCA staining patterns. These 11 samples were further tested for anti-elastase, anti-pulmonary renal syndrome and RPGN [2,5, [16] [17] [18] [19] .
The entity with the worst prognosis is Goodpasture's lactoferrin, and anti-BPI ANCAs, and with Western blotting on alpha granule extracts. On Western blotting syndrome [20, 21] . Accordingly, the occurrence of anti-GBM ab with or without other antibodies has been none of these 11 samples yielded bands migrating as PR3 or MPO. Three samples contained BPI-ANCA, reported to be associated with significantly poor outcome in patients with pulmonary-renal syndrome [2 ]. two elastase-ANCA, and one lactoferrin-ANCA. One sample yielded several bands. The clinical data of the SLE is one of the diÂerential diagnoses of renopulmonary syndromes and RPGN, and of the present series, 11 patients are shown in Table 2 . Of the patients whose sera were positive at IIF but negative in the rapid 10% manifested ANA.
In pulmonary-renal syndrome the clinical picture is ELISA, nine manifested no clinical signs or symptoms of systemic vasculitis. In two patients the clinical often miscellaneous and may be misdiagnosed as a viral infection. If the clinician is inexperienced in picture was compatible with systemic vasculitis; Patient no. 8 was a 67-year-old man with Wegener's granulom-systemic vasculitis, this may delay correct diagnosis, thus putting the patient at risk of irreversible impairatosis and involvement of the upper respiratory tract, kidneys, skin, and joints; Patient no. 11 was a 79-ment of renal or respiratory function. To avoid this, we suggest that patients presenting with persistent year-old man with anaemia and rapidly progressive glomerulonephritis culminating in renal failure and influenza-like illness or respiratory symptoms should routinely undergo a dipstick test for proteinuria and chronic haemodialysis despite immunosuppressive therapy. This patient's sample gave high background haematuria, as earlier proposed by others [22] . If Table 2 . ANCA pattern at IIF, ELISA for elastase-, lactoferrin-and bactericidal/permeability increasing protein-ANCA, Western blot analysis and clinical data on 11 patients with no antibodies detectable in the rapid screening assay for anti-GBM and ANCAs but with findings of ANCA at IIF haematuria or proteinuria is detected, investigation Whilst it is naturally of clinical interest also to analyse the prevalence of other autoantibodies such as should be extended to include serum-creatinine analysis, a rapid assay for anti-GBM ab, PR3 and MPO elastase-ANCA, lactoferrin-ANCA, and BPI-ANCA, it is not imperative to test for these antibodies in the ANCAs, and a test for ANA.
The IIF technique has been the gold standard for acute phase as it is to test for anti-GBM ab, PR3-ANCA, MPO-ANCA, and ANA. Thus we con-ANCA testing, but requires skilled and experienced personnel. Not only is the technique time consuming clude that the rapid screening test is a very useful tool in the preliminary clinical evaluation of patients prebut it is also complicated by diÃculty in determining the true antibody titres. An advantage of IIF is that it senting with pulmonary-renal syndrome. The advantage of the rapid screening ELISA is that it detects the detects antibodies with several diÂerent specificities, including ANA. However, in pulmonary renal syn-anti-GBM ab, PR3-ANCA, and MPO-ANCA, whereas IIF detects additional antibodies. drome PR3 and MPO are most important. Of sera found to be negative in the rapid screening test, 10%
